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1.0  INTRODUCTION 


The  woik  reported  herein  was  conducted  by  the  Arnold  Engineering 
Development  Center  (AEDC) ,  Air  Force  Systems  Command  (AFSC) ,  under 
Program  Element  921E01,  Control  Number  9E01-00-0,  at  the  request  of  the* 
Johnson  Space  Center  (NASA-JSC(ES3) ) ,  Houston,  Texas.  The  NASA-JSC  (ES3) 
program  manager  was  Mrs.  Dorothy  B.  Lee  and  the  Rockwell  International 
project  engineer  was  Mr.  Jim  Collins.  The  results  were  obtained 
by  Calspan  Field  Services,  Inc. /AEDC  Division,  operating  contractor  for 
the  Aerospace  Flight  Dynamics  testing  effort  at  the  AEDC,  AFSC,  Arnold 
Air  Force  Station,  Tennessee.  The  tests  were  conducted  in  the  von 
Karman  Gas  Dynamics  Facility  (VKF) ,  under  AEDC  Project  No.  C062VB. 


The  test  was  conducted  in  the  50-in. -diam  Hypersonic  Wind  Tunnel 
(B)  at  the  von  Karman  Gas  Dynamics  Facility  (VKF)  during  the  period 
October  26,  1980  to  November  24,  1980.  Data  were  recorded  at  Mach 
number.  8  for  nominal  Reynolds  numbers  ranging  from  0.5  x  10^  to  3.7  x 
10°  per  foot.  The  nominal  model  angles  of  attack  ranged  from  20  to 
40  degrees  with  model  yaw  angles  varying  from  -2  to  2  degrees.  All 
thin-skin  thermocouple  data  were  obtained  from  three  space  shuttle 
orbiter  models  designated  (1)  56-0  (0.0175  scale),  (2)  60-0  (0.0175 
scale),  and  (3)  83-0  (0.04  scale).  The  phase-change  paint  model  was 
also  a  0.0175  scale  model  of  the  56-0  series. 


This  test  had  a  NASA/Rockwell  designation  of  OH-109.  The  objective 
of  the  thin-skin  thermocouple  phase  of  the  test  was  to  obtain  additional 
heating  da1"*’,  for  identification  of  regions  of  peak  heating  on  the 
orbiter  in  yaw.  The  objective  of  the  phase-change  paint  entry  was 
to  establish  the  peak  heating  location  for  the  SILTS*  pod  located  on 
the  orbiter  /ertical  tail. 

Copies  of  all  the  detailed  test  logs  have  been  transmitted  to  Rock¬ 
well  International.  Three  copies  of  the  final  tabulated  data  are  being 
transmitted  with  this  report  to  Rockwell  International.  Data  tapes  have 
been  transmitted  to  Chrysler  Corporation  Space  Division  for  their  use 
under  the  Dataman  contract.  Inquiries  to  obtain  copies  of  the  test  data 
should  be  directed  to  NASA-JSC(ES3) ,  Houston,  Texas  77058.  A  microfilm 
record  has  been  retained  in  the  VKF  at  AEDC. 


2.0  APPARATUS 


2.1  TEST  FACILITY 

Tunnel  B  (Fig.  1 ,  Appendix  I)  is  a  closed  circuit  hypersonic  wind 
tunnel  with  a  50-in.  diam  test  section.  Two  axisymmetric  contoured 
nozzles  are  available  to  provide  Mach  numbers  of  6  and  8,  and  the  tunnel 
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Shuttle  Infrared  Leeside  Temperature  Sensor  (SILTS) 
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may  be  operated  continuously  over  a  range  of  pressure  levels  from  20  to 
300  psia  at  Mach  number  6,  and  50  to  900  psia  at  Mach  number  8,  with  air 
supplied  by  the  VKF  main  compressor  plant.  Stagnation  temperatures 
sufficient  to  avoid  air  liquefaction  in  tie  test  section  (up  to  1350°R) 
are  obtained  through  the  use  of  a  natural  gas  fired  combustion  heater. 

The  entire  tunnel  (throat,  nozzle,  test  section,  and  diffuser)  is  cooled 

by  integral,  external  water  jackets.  The  tunnel  is  equipped  with  a  j 

model  injection  system,  which  allows  removal  of  the  model  from  the  test 
section  while  the  tunnel  remains  in  operation.  A  description  of  the 
tunnel  may  be  found  in  Ref.  1. 

2.2  TEST  ARTICLES 

Three  space  shuttle  orbiter  models  were  used  to  obtain  the  thin- 
skin  thermocouple  data  for  this  test.  Twc  of  the  test  articles  were 
0.0175  scale  models  of  the  full  orbiter  aid  were  designated  as  the 
60-0  and  56-0  models.  The  third  model  was  a  0.04  scale  of  the  front 
half  of  the  arbiter  and  was  identified  as  the  83-0  model.  All  of  the 
models  were  supplied  by  Rockwell  International. 

The  60-0  model  was  a  0.0175  scale  th:n-skin  thermocouple  model  of 
the  Rockwell  International  Vehicle  5  configuration.  The  model  was  con¬ 
structed  of  17-4  PH  stainless  steel  with  a  nominal  skin  thickness  of 
0.030  in.  a:  the  instrumented  areas.  All  thermocouples  were  spot  welde-i 
to  the  thin-skin  inner  surface. 

♦ 

A  sketch  of  the  60-0  model  installation  in  the  tunnel  is  shown  in 
Fig.  2.  The  basic  dimensions  and  coordinate  definitions  for  the  0.0175 
scale  models  are  shown  in  the  sketch  presented  in  Fig.  3.  The  deflec¬ 
tion  angles  of  the  speedbrake  and  elevens  were  varied  during  this  test 
and  recorded  on  the  tabulated  data.  The  body  flap  was  set  at  a  zero 
deflection  angle  throughout  the  test. 

The  56-0  model  used  for  the  thin-skin  thermocouple  portion  of  the 
test  was  model  number  2B  of  the  material  "LH"  56-0  phase  change  paint 
model  series.  This  was  a  0.0175  scale  model  with  the  same  external 
contour  as  the  60-0  model.  The  pilot  side  (left)  of  the  fuselage  has 
been  replaced  with  a  thin-skin  thermocouple  insert  contoured  to  the 
vehicle  lines.  This  insert  was  constructed  of  17-4  PH  stainless  steel 
with  a  nominal  skin  thickness  of  0.020  in.  at  the  thermocouple  locations. 

A  photograph  of  the  56-0  model  injected  in  the  tunnel  is  shown  in  Fig. 

4.  A  sketch  of  the  56-0  model  installation  is  shown  in  Fig.  5.  The 
dimensions  and  coordinate  system  presented  in  Fig.  3  also  apply  to  the 
0.0175  scale  56-0  model. 

The  83-0  model  was  a  0.04  scale  model  of  the  forward  half  of  the 
orbiter.  This  model  was  also  constructed  of  17-4  PH  stainless  steel 
with  a  nominal  skin  thickness  of  0.030  in.  A  photograph  of  the  83-0 
model  injected  in  the  tunnel  is  shown  in  Fig.  6.  The  installation 
sketch  of  the  83-0  model  is  shown  in  Fig.  7,  and  the  coordinate  system 
and  basic  dimensions  for  the  83-0  model  are  presented  in  Fig.  8. 
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The  model  used  for  the  phase  change  paint  entry  was  from  the  56-0 
series  constructed  without  the  thin-skin  thermocouple  insert.  Two 
0.0175  scale  removable  vertical  tails  with  the  SILTS  pod  were  fabri¬ 
cated  of  Novamide  700-55.  A  photograph  of  this  model  injected  in  the 
tunnel  is  shown  in  Fig.  9. 

2.3  TEST  INSTRUMENTATION 

2.3.1  Test  Conditions 

The  instrumentation,  recording  devices,  and  calibration  methods 
used  to  measure  the  primary  tunnel  and  test  data  parameters  are  listed 
in  Table  la  along  with  the  estimated  measurement  uncertainties.  The 
range  and  estimated  uncertainties  for  primary  parameters  that  were  cal¬ 
culated  from  the  measured  parameters  are  listed  in  Table  1b. 

2.3.2  Test  Data 

The  60-0  model  was  instrumented  with  600  thirty-gauge  iron-constanton 
and  chromel-cons tantan  thermocouples.  Only  230  of  these  thermocouples 
were  used  or  this  test.  Thermocouple  locations  for  this  model  are 
illustrated  in  Fig.  10;  the  dimensional  locations  and  skin  thickness  for 
the  thermocouples  connected  on  this  test  are  listed  in  Table  2.  The  thermo¬ 
couples  identified  by  a  number  only  are  . ron-constantan .  The  thermocouples 
identified  by  a  number  followed  by  the  letter  A  or  C  are  Chrome  I®- cons  can tan 
that  were  added  to  the  model.  The  letter  D  after  a  thermocouple  number 
designates  an  iron-constantan  thermocouple  in  a  new  location  on  the  0M3 
pod . 


The  56-0  model  instrumentation  consisted  of  80  thirty-gauge  Chromel- 
constantan  thermocouples  located  on  the  thin-skin  insert.  All  of  these 
thermocouples  were  connected  on  this  tost.  The  thermocouple  locations 
for  this  model  are  illustrated  in  Fig.  i 1 .  The  dimensional  locations 
and  skin  thicknesses  are  listed  in  Table  3. 

For  this  test  only  94  of  the  482  thirty-gauge  Chromel-constantan  thermo 
couples  on  the  83-0  model  were  connected.  The  thermocouple  locations  for 
this  model  rre  illustrated  in  Fig.  12.  The  dimensional  locations  and  skin 
thicknesses.'*  for  the  thermocouples  used  on  this  test  are  included  in  Table  4 

The  thermocouple  data  were  recorded  on  a  new*  multiplexing  system 
that  is  capable  of  recording  a  maximum  of  256  thermocouple  channels  during 
each  run.  This  increased  capacity  greatly  increases  efficiency  by  reduc¬ 
ing  the  need  for  multiple  runs.  The  maximum  number  of  thermocouples 
recorded  during  one  run  was  230  when  the  60-0  model  was  installed.  All 
80  thermocouples  were  connected  on  the  56-0  model,  and  94  were  connected 
on  the  83-0  model.  Some  of  the  listed  thermocouples  were  determined  to 
be  inoperative  during  the  test,  and  these  have  been  deleted  from  the 
tabulated  data. 


The  old  system  was 


limited  to  100  channels  per  run. 
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The  phase-change  paint  technique  of  obtaining  heat-transfer  data 
uses  a  fusible  coating  which  changes  from  an  opaque  solid  to  a  trans¬ 
parent  liquid  (i.e.,  it  melts)  at  a  specified  temperature  (TPC) .  The 
demarcations  between  melted  and  unmelted  paint  (melt  lines)  are  model 
surface  isotherms  and  are  used  to  compute  the  aerodynamic  heating. 
Tempilaq  paint  was  used  as  the  phase-change  coating  for  these  tests. 
The  calibrated  melting  points  of  the  paincs  used  were  250,  300,  350, 
450,  550,  600  and  700°F.  A  more  complete  description  of  the  phase- 
change  paint  technique  is  presented  in  Rel  .  2. 

3.0  TEST  DESCRIPTION 


3.1  TEST  CONDITIONS 


The  test  was  conducted  at  a  nominal  Mach  number  of  8  in  Tunnel  B. 
A  summary  of  the  specific  test  conditions  is  given  below. 


MACH  NO. 

PT,  psia 

TT,  °R 

Q,  psia 

P,  psia 

RE  x  10  , 

7.83 

100 

1250 

0.5 

0.010 

0.5 

7.84 

120 

1245 

0.6 

0.014 

0.6 

7.88 

205 

1260 

1.0 

0.020 

1.0 

7.93 

435 

1300 

2.0 

0.050 

2.0 

7.96 

670 

1320 

3.1 

0.070 

3.0 

7.97 

850 

1350 

3.9 

0.090 

3.7 

A  more  detailed  test  summary  showing  all  configurations  tested 
and  the  variables  for  each  is  presented  in  Table  5. 

3.2  TEST  PROCEDURE 


3.2.1  General 

In  the  VKF  continuous  flow  wind  tunnels  (A,  B,  C) ,  the  model  is 
mounted  on  a  sting  support  mechanism  in  an  installation  tank  directly 
underneath  the  tunnel  test  section.  The  tank  is  separated  from  the 
tunnel  by  a  pair  of  fairing  doors  and  a  safety  door.  When  closed,  the 
fairing  doors,  except  for  a  slot  for  the  pitch  sector,  cover  the  opening 
to  the  tank,  and  the  safety  door  seals  the  tunnel  from  the  tank  area. 

After  the  model  is  prepared  for  a  data. run,  the  personnel  access  door  to 
the  installation  tank  is  closed,  the  tank  is  vented  to  the  tunnel  flow, 
the  safety  and  fairing  doors  are  opened,  end  the  iraodel  is  injected  into 
the  airstream.  After  the  data  are  obtained,  the  model  is  retracted  into 
the  tank  and  the  sequence  is  reversed  with  the  tank  being  vented  to 
atmosphere  to  allow  access  to  the  model  in  preparation  for  the  next  run. 

A  given  injection  cycle  is  termed  a  run,  and  all  the  data  obtained  are  * 

identified  in  the  data  tabulations  by  a  run  number.  * 

3.2.2  Thin-Skin  Thermocouple 

Prior  to  each  test  run,  the  model  temperatures  were  monitored  to 
ensure  that  they  were  nominally  70°F.  The  model  was  then  injected  at 
the  desired  test  attitude  as  the  data  acquisition  sequence  commenced. 
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The  model  remained  on  the  tunnel  centerline  for  about  three  seconds  and 
was  then  retracted  into  the  installation  tank.  The  model  was  then 
cooled  and  repositioned  for  the  next  injeccion. 

A  256  channel  multiplexing  analog-to-cigital  converter  was  used  in 
conjunction  with  a  Digital  Equipment  Corporation  (DEC)  PDP-11  computer 
and  a  DEC-10  computer  to  record  the  temperature  data.  The  system  sampled 
the  output  of  each  thermocouple  approximately  17  times  per  second. 

3.2.3  Phase*  Change  Paint 

For  phase-change  paint  tests  the  mode.,  was  painted  with  the 
appropriate  Tempilaq  paint,  and  the  model  surface  initial  tempera¬ 
ture  (TI)  was  measured  with  a  thermocouple  probe.  The  model  was 
positioned  to  the  test  attitude  and  injected  into  the  tunnel  flow 
for  about  10  sec.  During  this  time  three  70-mm  sequence  cameras 
using  color  film  photographed  the  progression  of  the  paint  melt  lines. 
These  cameras  were  triggered  simultaneously  at  a  nominal  rate  of  two 
frames/sec  vhile  an  analog-to-digital  scanner  recorded  the  precise 
timing.  After  the  model  was  retracted  from  the  tunnel  flow,  it  was 
cooled  and  cleaned  with  an  alcohol  bath  before  being  repainted  for  the 
next  test  run.  For  this  test  only  the  vertical  tail  and  the  SILTS 
pod  were  painted  with  phase-change  paint. 

Instrumentation  outputs  were  recorded  using  the  VKF  data  acquisi¬ 
tion  system  under  the  control  of  a  PDP  11/40  computer*  The  triggering 
of  the  cameras  and  the  frame  rate  were  controlled  by  a  separate  control 
system. 

3.2.4  Oil-Flow 

Preparation  of  the  model  for  an  oil-flow  run  was  the  same  as  for 
the  phase-change  paint  runs  except  that  oil  was  applied  to  the  model  in 
place  of  the  paint.  Four  sequence  cameras  were  used  to  photograph  the 
oil-flow  patterns. 

3.3  DATA  REDUCTION 

3.3.1  Thin-Skin  Thermocouple  Data 

The  reduction  of  thin-skin  temperature  data  to  coefficient  form 
normally  involves  only  the  calorimeter  heat  balance  for  the  thin  skin 
as  follows: 


QDOT  =  pbc  DTW/DT 


O) 


H(TR)  =  =  Pbc  DTW/DT 

17  TR-TW  TR-TW 


(2) 


Thermal  radiation  and  heat  conduction  effects  on  the  thin-skin 
element  are  neglected  in  the  above  relationship  and  the  skin  temperature 
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response  is  assumed  to  be  due  to  convective  heating  only.  It  can  be 
shown  that  for  constant  TR,  the  following  relationship  is  true: 


d__  [  .  TR-TI 
dt  I  in  TR-TW 


DTW/DT 

TR-TW 


Substituting  Eq.  (3)  in  Eq.  (2)  and  rearranging  terms  yields: 


H(TR)  = 
pbc  dt 


In  * 

i  L 


TR-TI 

TR-TW 


By  assuming  that  the  value  of  H(TR)/pbc  is  a  constant  it  can  be  seen 
that  the  derivative  (or  slope)  must  also  oe  constant.  Hence,  the  term 


[TR-TI " 
TR-TW 


is  linear  with  time.  This  linearity  assumes  the  validity  of  Eq.  (2) 
which  applies  for  convective  heating  only.  The  evaluation  of  conduction 
effects  will  be  discussed  later. 

The  assumption  that  H(TR)  and  c  are  constant  are  reasonable  for  this 
test  although  small  variations  do  occur  in  these  parameters.  The  varia¬ 
tions  of  H(IR)  caused  by  changing  wall  temperature  and  by  transition 
movement  with  wall  temperature  are  trival  for  the  small  wall  temperature 
changes  that  occur  during  data  reduction.  The  value  of  the  model  material 
specific  heat,  c,  was  computed  by  the  relation 

c  *=  0.0797  +  (5.556  x  10  ^)TW>  (17-4  PH  stainless  steel)  (5) 

The  maximum  variation  of  c  over  any  curve  fit  was  less  than  1.5  percent. 
Thus,  the  assumption  of  constant  c  used  to  derive  Equation  4  was  reason¬ 
able.  The  value  of  density  used  for  the  17-4  PH  stainless  steel  skin 
was  p  =  490  lbm/ft^,  and  the  skin  thickness,  b,  for  each  thermocouple 
is  listed  in  Tables  2,  3  or  4. 

The  right  side  of  Equation  4  was  evaluated  using  a  linear  least 
squares  cur;e  fit  of  15  consecutive  data  points  to  determine  the  slope. 

The  start  of  the  curve  fit  coincided  with  the  model  arrival  on  the 
tunnel  centerline.  For  each  thermocouple  the  tabulated  value  of  H(TR) 
was  calculated  from  the  slope  and  the  appropriate  values  of  pbc;  i.e.. 


H(TR)  =  pbc  ^ 


TR-TI 

TR-TW 


To  investigate  conduction  effects  a  second  value  of  H(TR)  was  calculated 
at  a  time  one  second  later.  A  comparison  of  these  two  values  was  used 
to  identify  those  thermocouples  that  were  influenced  by  significant  con¬ 
duction  (or  system  noise) .  The  data  for  a  given  thermocouple  were  deleted* 
if  the  values  of  H(TR)  differed  by  more  than  35  percent.  In  general, 
conduction  and/or  noise  effects  were  found  to  be  negligible. 

*The  word  DELETE  is  used  on  the  tabulated  data  to  identify  these  thermo¬ 
couples. 
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Since  the  value  of  TR  is  not  known  at  each  thermocouple  location, 
it  has  become  standard  procedure  to  use  three  assumed  values  of  TR. 

The  assumed  values  are  1.0TT,  0.9TT  and  0.85TT.  The  use  of  these 
assumed  valies  of  TR  provides  an  indication  of  the  sensitivity  of  the 
heat-transfer  coefficients  to  the  value  of  TR  assumed.  As  can  be 
noted  in  the  tabulated  data,  there  are  large  percentage  differences 
in  the  values  of  the  heat-transfer  coefficients  calculated  from  the 
three  assumed  values.  Therefore,  if  the  data  are  to  be  used  for 
flight  predictions,  the  value  selected  for  TR  is  obviously  very 
important  and  is  a  function  of  model  location  and  boundary  layer 
state. 

The  heat-transfer  coefficient  calculated  from  Eq.  4  was  normalized 
using  the  Fay-Riddell  stagnation  point  coefficient,  H(REF) ,  based  on  a 
nose  radius  of  1.0  ft  full  scale  (see  Appendix  III).  The  reference 
nose  radius,  RN,  used  to  calculate  HREF  is  either  0.0175  ft  or  0.04 
ft  as  determined  by  the  model  scale. 

3.3.2  Phase-Change  Paint  Data 

For  phase-change  paint  tests,  the  data  were  reduced  by  assuming 
that  the  model  wall  heating  can  be  represented  by  a  thermally  semi¬ 
infinite  slab.  A  material  with  a  low  thermal  diffusivity  is  necessary 
for  this  assumption  to  be  valid  for  reasonable  model  wall  thicknesses 
(>0.25  in.)  consistent  with  the  Tunnel  B  data  acquistion  times  of  3 
to  30  sec. 


Data  *  eduction  of  the  melt  line  photographs  was  accomplished  by 
identifying  these  isothermal  lines  for  various  times  during  the  test 
run.  These  isothermal  lines  are  related  to  corresponding  aerodynamic 
heat-transfer  coefficients,  H (TR) ,  by  applying  the  semi-infinite  slab 
heat  equation,  given  below. 


TPC-TI 

TR-TI 


erf c  g 


(7) 


where 


and 


h(tr)/timeexp 

/PCK 


(8) 


TIMEEXP  =  time  of  heating 


The  lumped  material  thermophysical  property  /PCK  for  the  Novamide 
700-55  material  was  provided  by  Rockwell.  The  value  of  /PCK  was  a 
function  of  temperature,  and  the  values  used  are  listed  in  Table  6. 

The  heat-t ransf er  coefficients  were  computed  for  assumed  adiabatic 
recovery  temperatures  TT,  0.9TT,  and  0.85  TT  except  when  the  paint 
temperature  was  700°F.  In  this  case  only  TT  was  used  because  of  the 
small  difference  between  TT  and  TPC.  The  Fay-Riddell  stagnation  point 
heat-transfer  coefficient  (Appendix  III),  based  on  a  0. 01 75-f t-radius 
sphere,  was  used  to  normalize  the  computed  aerodynamic  heat-transfer 
coefficients.  (The  radius  of  this  hypothetical  sphere  would  be  1  ft 
at  corresponding  Orbiter  full-scale  conditions). 
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The  tabulated  data  is  based  on  the  assumption  of  a  semi-infinite 
slab.  In  the  case  of  the  SILTS  pod  with  a  small  radius  (0.187  in.) 
the  actual  heat  transfer  coefficient  values  will  deviate  from  those 
calculated  based  on  the  semi-infinite  slab  assumption.  A  finite 
element  computer  program.  Ref.  4,  was  used  to  model  the  SILTS  pod 
geometry  and  to  compute  the  heat-t ransf er  coefficient  at  the  stag¬ 
nation  point.  The  heat-transfer  coefficient  determined  from  the 
semi-infinite  slab  assumption,  H(TT),  is  ratioed  to  the  computed 
value  H(TRAX)  for  the  stagnation  point  in  Fig.  13.  The  application 
of  this  "correction  factor"  to  the  data  is  illustrated  in  the  fol¬ 
lowing  example.  Consider  a  case  where  the  tabulated  data  (based  on 
semi-infinite  slab)  was  obtained  at  5  sec  and  the  level  of  the  heat 
transfer  coefficient  was  0.02.  From  Fig.  13  this  gives  a  value  of 
H (TT) /H (TRAX)  =  1.3.  Thus  to  adjust  (ADJ)  the  semi-infinite  slab 
tabulated  data  to  that  of  an  axisymmetric  element  on  the  hemispherical 
nose  cap  we  have 

1 

H (TT)  (9) 

H (TRAX) 


-  0.0154  i.  e.  2  23%  lower  than  tabulated  data. 

It  is  important  to  emphasize  that  the  intent  of  Fig.  13  is  only  to  provide 
an  estimate  of  the  approximate  magnitude  of  the  3-D  effects  and  it  is 
not  intended  t^at  all  the  data  be  "corrected"  for  3-D  effects. 

An  accurate  estimate  of  the  precision  of  phase-change  paint  data  is 
also  hampered  by  the  fact  that  an  observer  must  determine  the  location  of 
the  melt  line  (Ref.  5).  For  the  results  presented  in  this  report  only 
uncertainties  attributable  to  the  measured  parameters  are  considered. 

The  nominal  uncertainties  in  these  specific  parameters  are  summarized  in 
Table  1b. 

3.4  UNCERTAINTY  OF  MEASUREMENTS 

In  general,  instrumentation  calibrations  and  data  uncertainty 
estimates  were  made  using  methods  recognized  by  the  National  Bureau  of 
Standards  (NBS).  Measurement  uncertainty  is  a  combination  of  bias  and 
precision  errors  defined  as: 

U  =  t( B  +  t95S) 

where  B  is  the  bias  limit,  S  is  the  sample  standard  deviation  and  tQC.  is 
the  95th  percentile  point  for  the  two-tailed  Studentfs  "t"  distribution 
(95-percent  confidence  interval),  which  for  sample  sizes  greater  than  30 
is  taken  equal  to  2. 

Estimates  of  the  measured  data  uncertainties  for  this  test  are 
given  in  Table  la.  The  data  uncertainties  for  the  measurements  are 


determined  from  in-place  calibrations  through  the  data  recording  system 
and  data  reduction  program. 

Propagation  of  the  bias  and  precisior  errors  of  measured  data 
through  the  calculated  data  was  made  in  accordance  with  Ref.  3,  and 
the  results  3re  given  in  Table  1b. 

4.0  DATA  PACKAGE  PRESENTATION 

Heat-transfer  coefficients  were  obtaJned  at  selected  locations  on 
the  56-0,  60-0,  and  83-0  models  of  the  space  shuttle  orbiter.  Sample 
tabulated  data  are  presented  in  Appendix  IV.  The  final  tabulated  and 
plotted  data  were  transmitted  with  this  report  to  NASA-JSC  and  Rockwell 
International . 

Representative  data  from  the  upper  centerline  (PHI  =  180  deg)  of 
the  83-0  model  are  presented  in  Fig.  14.  Data  from  two  runs  are 
presented  a s  a  sample  of  data  repeatability. 


14 


REFERENCES 


1«  Test  Facilities  Handbook  (Eleventh  Edition).  Mvon  Karman  Gas 

Dynamics  Facility,  Vol.  3.”  Arnold  Engineering  Development  Center, 
June  1'*79. 

2.  Jones,  Robert  A.  and  Hunt,  James  L.  "Use  of  Fusible  Temperature 
Indicators  for  Obtaining  Quantitative  Aerodynamic  Heat-Transfer 
Data.”  NASA-TR-R-230,  February  1966. 

3.  Thompson,  J.  W.  and  Abernethy,  R.  B,  et  al.  "Handbook  Uncertainty 
in  Gas  Turbine  Measurements.”  AEDC-TR-73-5  (AD755356) ,  February 
1973. 

4.  Rochell,  J.  K.  ”TRAX~  A  Finite  Eleme-it  Computer  Program  for  Transient 
Heat  Conduction  Analysis  of  Axisymmetric  Bodies.”  University  of 
Tennessee  Space  Institute  Master’s  Thesis,  June  1973. 

5.  Nossaman,  G.  0.  "Feasibility  Study  for  Automatic  Reduction  of  Phase 
Change  Imagery.”  NASA  CR-1 12001,  1971. 


15 


APPENDIX  I 


ILLUSTRATIONS 


i 

\ 


r 


* 


i 


1  6 


j 


<*+***%  **«»■«» 


;a  Hat  ion 


ordiuate  Systeo  for  +he 
er  Models 


Model  Ins ta 1 la t ion  for  Thin— Skin  Thermocouple  Test 
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TABLE  5.  TEST  DATA  SUMMARY 
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TABLE  5.  Continued 

hermocouple  Data  Runs,  83-0  Model 


DATA  RE 
RUN  195 


Thermocouple  Data  Runs,  56-0  Model 


PHASE  CHANGE  PAINT  TEMPERATURE, 
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Delete:  RUNS  315  and  316 


TABLE  6 


MODEL  MATERIAL  THERMOPYS I  CAL  PROPERTIES 
Novamide  700-55 

TPC,  °F  /PCK,  Btu/ft2-sec1/2-°R 
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0.057 

300 

0.058 

350 

0.059 
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0.060 
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0.059 

700 

0.058 
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APPENDIX  IV 
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